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• AHRQ = Agency for Healthcare 

Research and Quality

• CDS = Clinical Decision Support

• OY2 = Option Year 2

• AT = Authoring Tool

• AMIA = American Medical 

Informatics Association
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AHRQ Evidence-Based Care 
Transformation Support Initiative (ACTS)
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Prototype Tool Update:
Testing and CQL Service
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CQL Testing Framework Review: Configuration

Configuration for project structure on the left:
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CQL Testing Framework Review: Test Cases (Data)
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Defined in YAML

Previously supported only 
FHIR DSTU2:

▪ Condition

▪ Encounter

▪ MedicationOrder

▪ MedicationStatement

▪ Observation

▪ Procedure
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CQL Testing Framework Review: Test Cases (Expected Results)
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▪ Deep compares each expression result

▪ Ignores unlisted top-level expressions

▪ Supports strings, integers, decimals, 
booleans, datetimes, lists, intervals…

More to come…
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CQL Testing Framework Review: Results (Pass)
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CQL Testing Framework Review: Results (Fail)
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CQL Testing Framework: New Features and Capabilities

▪ FHIR STU3

– Create FHIR STU3 test patients and test FHIR STU3-based CQL

▪ New Resource Types

– FamilyMemberHistory

– ProcedureRequest

– ReferralRequest

– Patient CodeableConcept extensions (e.g., race and ethnicity)

▪ CQL Hooks Requests

– Export test patients as valid CDS Hooks requests that work w/ CQL Services

▪ Postman Collections

– Export test cases as Postman collections containing CDS Hooks Requests

https://www.getpostman.com/
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CQL Services Review
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CQL Services Review: Register CQL
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CQL Services Review: Configure CDS Hook
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CQL Services Review: CDS Hooks Sandbox
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CQL Services: New Features and Capabilities

▪ Register Multiple Concurrent Libraries and Hooks

– Allow multiple artifacts (optionally) organized in subfolders

▪ CDS Hooks Extensions

– Allow CDS Hooks discovery to be configured to return extensions

– Allow CDS Hooks cards to be configured to return extensions

▪ Docker

– Deploy CQL Services as a Docker container
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CQL Testing Framework and CQL Services

Demo
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Demonstration: New Authoring Tool 
Parameter Type Features
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OY2 Pilot Technical Approach
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Introduction

▪ These slides are taken from a larger deck presented on day two of the 
pilot kickoff meeting on 4/12/19

▪ They are meant to convey the technical integration options considered at 
the start of the pilot activities
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OY2 Pilot Partner: b.well Connected Health

▪ b.well Connected Health: www.icanbwell.com

– Personalized health management resources targeted to consumers and caregivers, to help 

self-manage the entire health care process

▪ b.well meets optimal pilot characteristics:

– Utilize some FHIR standards and terminologies

– Possess mature technical capabilities and well-defined processes

– Expertise in understanding patient/consumer needs 

– Desire for targeted, patient-facing CDS recommendations 

http://www.icanbwell.com/
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CDS Overview: Primary Components

Trigger(s) Inclusions Exclusions Intervention(s)



| 22 |

© 2019 The MITRE Corporation. All rights reserved.

CMS Alliance to Modernize Healthcare (The Health FFRDC)
Approved for Public Release. Distribution Unlimited. Case Number 18-4021

CDS Overview: Trigger(s)

Trigger(s) Inclusions Exclusions Intervention(s)

▪ User action triggers CDS

▪ Examples could include:

– Opens b.well app

– Updates family history

– Opens recommendations

b.well Platform
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CDS Overview: Check Inclusion Criteria

Trigger(s) Inclusions Exclusions Intervention(s)

FHIR Data 
Model

Value Set 
Cache

Logic 
(CQL)

Execution 
Engine

CDS 
Service

b.well Platform

EHR Claims User 
Entered

▪ Integrated CDS Service checks 
inclusion criteria 

– Using multiple data sources 
available on b.well platform
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CDS Overview: Check Exclusion Criteria

Trigger(s) Inclusions Exclusions Intervention(s)

FHIR Data 
Model

Value Set 
Cache

Logic 
(CQL)

Execution 
Engine

CDS 
Service

b.well Platform

EHR Claims User 
Entered

▪ Integrated CDS Service then checks 
exclusion criteria

▪ Both inclusions and exclusions are 
handled by the same logic

– Single request for data
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CDS Overview: Recommend Intervention(s)

Trigger(s) Inclusions Exclusions Intervention(s)

FHIR Data 
Model

Value Set 
Cache

Logic 
(CQL)

Execution 
Engine

CDS 
Service

b.well Platform

EHR Claims User 
Entered

▪ If user meets inclusion criteria and does 
not meet exclusion criteria, the CDS 
Service will recommend an intervention

– E.g., link to pdf of informational 
resources
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CDS Overview: Service Components

Trigger(s) Inclusions Exclusions Intervention(s)

FHIR Data 
Model

Value Set 
Cache

Logic 
(CQL)

Execution 
Engine

CDS 
Service

b.well Platform

EHR Claims User 
Entered

▪ The CDS Service consists of four 
main components regardless of 
integration approach

▪ Integration will consist of defining 
context and interfaces
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Implementing Executable CDS

▪ The CDS logic is being implemented using the Clinical Quality 
Language (CQL) [1]

▪ CQL is a domain-specific language whose standard has been 
designed with two applications in mind:

– Electronic clinical quality measures (eCQMs)

– Clinical decision support (CDS)

▪ CQL represents an open-source alternative to the otherwise 
traditionally closed-source production of CDS

– This is why it is a good choice for communicating an executable 
representation of clinical guidelines

[1] http://www.hl7.org/implement/standards/product_brief.cfm?product_id=400

http://www.hl7.org/implement/standards/product_brief.cfm?product_id=400


| 28 |

© 2019 The MITRE Corporation. All rights reserved.

CMS Alliance to Modernize Healthcare (The Health FFRDC)
Approved for Public Release. Distribution Unlimited. Case Number 18-4021

CQL Example (Code)

▪ Seemingly simple operations, such as determining whether the patient is 
pregnant, may require many lines of CQL code

– Example below has had code comments removed
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CQL Example (Graph)

▪ Example below is a graphical depiction of the code shown on the 
previous slide

▪ Dependency graphs can [sometimes] be an easier way to visualize the 
logic

Code, concept, or 
value set Expression

Key:
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③ CQL executed against 
synthetic patient HL7® 

FHIR® record

CDS artifact authored 
using Clinical Quality 

Language (CQL)

CDS Logic Development Approach

Synthetic patient record in 
simple format

Expected 
result in 
simple 
format

Key

CDS

Test

① Test specified as 
synthetic patient record 

and expected results

② Synthetic patient 
record converted to HL7® 

FHIR® standard format

④ Actual outputs 
compared against 
expected results

CDS is authored via a Test-Driven Development (TDD) approach to ensure functionality is as expected
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Integration Options

▪ CDS Hooks

▪ SMART-on-FHIR

▪ Custom / Non-standard
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Integration Options

▪ CDS Hooks

▪ SMART-on-FHIR

▪ Custom / Non-standard

Preferred

Backup

Not viable
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CDS 
Hooks

▪ Draft standard

▪ Plugin framework for custom CDS

▪ Supports information, suggestion, and app-link “cards” (markdown)

▪ MITRE has developed a CDS Service which conforms to the CDS Hooks spec

Source: https://cds-hooks.org/

https://cds-hooks.org/
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CQL Hooks

▪ A CDS services framework that conforms to the CDS Hooks standard

▪ Available on GitHub in the CQL Services project

– https://github.com/AHRQ-CDS/AHRQ-CDS-Connect-CQL-SERVICES

▪ Consists of the following running in a Node.js Express server

– FHIR data model

– Value set cache

– CDS logic

– CQL execution engine

▪ Configuration maps CDS Hooks components to CQL expressions

▪ Server analyzes CDS JSON to publish “prefetch” template

– https://cds-hooks.org/specification/1.0/#prefetch-template

▪ Requires all data sent to it via the prefetch

– As a result it does not support authentication/authorization

▪ When invoked, executes CQL and generates a response “card”

– In markdown format

FHIR Data 
Model

Value Set 
Cache

Logic (CQL)
Execution 

Engine

CDS Service

Preferred

https://github.com/AHRQ-CDS/AHRQ-CDS-Connect-CQL-SERVICES
https://cds-hooks.org/specification/1.0/#prefetch-template
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CQL Exec

▪ CDS Hooks and SMART-on-FHIR are two standards-based options for CDS service 
integration

▪ A third option would involve using a non-standard interface

▪ An example is the CQL Exec CDS service

– Available on GitHub in the CQL Services project
▪ https://github.com/AHRQ-CDS/AHRQ-CDS-Connect-CQL-SERVICES

▪ CQL Exec exposes one or more CDS services via a RESTful API

– Input data is POSTed to an endpoint

– CDS results are returned as JSON

▪ The CQL Exec service includes all the components listed previously for CQL Hooks and 
SMART-on-FHIR integration options

– FHIR data model

– Value set cache

– CDS logic

– CQL execution engine

FHIR Data 
Model

Value Set 
Cache

Logic (CQL)
Execution 

Engine

CDS Service

Backup

https://github.com/AHRQ-CDS/AHRQ-CDS-Connect-CQL-SERVICES
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CDS Data Requirements

▪ Each CDS will have its own specific data requirements

▪ Proposed general data requirements:

– All user information represented using FHIR STU3 resources
▪ https://www.hl7.org/fhir/STU3/resourcelist.html

– Example resource usage includes:
▪ Conditions, problems, diagnoses, etc.

– Condition (https://www.hl7.org/fhir/STU3/condition.html)

▪ Several of the artifacts refer to family member history as part of the inclusion / exclusion criteria
– FamilyMemberHistory (https://www.hl7.org/fhir/STU3/familymemberhistory.html)

▪ Vital signs, lab data, imaging results, etc.
– Observation (https://www.hl7.org/fhir/STU3/observation.html)

▪ Counseling (e.g., for nutrition or physical activity)
– Encounter (https://www.hl7.org/fhir/STU3/encounter.html)

– Procedure (https://www.hl7.org/fhir/STU3/procedure.html)

– ProcedureRequest (https://www.hl7.org/fhir/STU3/procedurerequest.html)

– ReferralRequest (https://www.hl7.org/fhir/STU3/referralrequest.html)

https://www.hl7.org/fhir/STU3/resourcelist.html
https://www.hl7.org/fhir/STU3/condition.html
https://www.hl7.org/fhir/STU3/familymemberhistory.html
https://www.hl7.org/fhir/STU3/observation.html
https://www.hl7.org/fhir/STU3/encounter.html
https://www.hl7.org/fhir/STU3/procedure.html
https://www.hl7.org/fhir/STU3/procedurerequest.html
https://www.hl7.org/fhir/STU3/referralrequest.html
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Outcomes

▪ Selected FHIR DSTU2 as data model

– Rationale:
▪ Two out of the five artifacts already existed and used DSTU2

– Allowed MITRE to deliver these ahead of schedule and ease schedule risk

▪ Not aware of any major vendors actively pursuing STU3

▪ As of 5/13/19, all five artifacts had been delivered to b.well for integration

– Statin Use for CVD Prevention

– Baseline CVD Risk Calculator

– Healthful Diet & Activity for CVD Prevention

– Abnormal Blood Glucose, Part 1: Screening

– Abnormal Blood Glucose, Part 2: Counseling

▪ Selected CDS Hooks as the integration standard

– All five artifacts running in CQL Hooks service

– 1000’s of test cases provided to b.well to facilitate verification of artifact functionality
▪ Using postman tool: https://www.getpostman.com/

https://www.getpostman.com/
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OY2 Pilot Technical Approach
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CDS Connect Outreach
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CDS Connect at AMIA 2019 Clinical Informatics 
Conference: Post Conference Report

▪ Panel Discussion: To Share is Human! CDS Connect: A Growing National 

Repository of Shareable, Interoperable Clinical Decision Support 

– Ed Lomotan, AHRQ: Ginny Meadows, MITRE; Maria Michaels, CDC; Jeremy Michel, 

CHOP; & Kristen Miller, Medstar

▪ Standing Room Only! 

▪ Panel has been invited to submit a manuscript for publication in the 

Applied Clinical Informatics Journal
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Open Discussion and Close-out
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00008I], and is subject to Federal Acquisition Regulation Clause 52.227-14, Rights in Data-
General.  
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of the U. S. Government under that Clause is authorized without the express written 
permission of The MITRE Corporation. 

For further information, please contact The MITRE Corporation, Contracts Management 
Office, 7515 Colshire Drive, McLean, VA  22102-7539, (703) 983-6000.  
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